The leaf essential oil of Dendropanax gonatopodus from Monteverde, Costa Rica, has been obtained by hydrodistillation and the chemical composition determined by GC-MS. The major components in the leaf oil were (E)-2-hexenal (16.9%), terpinolene (14.8%), δ-cadinene (13.5%), (E)-caryophyllene (9.9%), and α-copaene (7.3%). Minor amounts of the aromadendrane sesquiterpenoids aromadendrene (0.3%), alloaromadendrene (0.3%), spathulenol (0.6%) and globulol (0.6%) were also detected. An ab initio investigation of the aromadendrane sesquiterpenoids has been carried out using both density functional (B3LYP/6-31G*) and post Hartree-Fock (MP2/6-31G**) methods. The calculated relative energies of the aromadendranes belie their relative concentrations generally observed in essential oil compositions.
The Araliaceae, the ginseng family, is comprised of 47 genera and 1325 species [1] . North American, European, and Asian members of the family have been extensively studied phytochemically. There are, however, abundant woody members of the Araliaceae found in the Neotropics that have been poorly studied or completely neglected. This work presents the chemical composition of the leaf essential oil of Dendropanax gonatopodus (Donn. Sm.) A.C. Sm. collected from the Monteverde Cloudforest, Costa Rica.
The leaf essential oil composition of D. gonatopodus is summarized in Table 1 . There were 35 compounds identified in the leaf oil accounting for 100% of the composition. The oil was dominated by (E)-2-hexenal (16.9%) and the monoterpene terpinolene (14.8%), with smaller amounts of the sesquiterpenes δ-cadinene (13.5%), (E)-caryophyllene (9.9%), and α-copaene (7.3%). The chemical composition of D. gonatopodus leaf oil differs from other members of the family. Thus, for example, terpinolene was not detected in the essential oils of Panax ginseng [2] , Oplopanax horridus [3] , Acanthopanax trifoliatus [4] , Dendropanax arboreus [5] , and Oreopanax xalapensis [5b] . (E)-Caryophyllene is often an abundant constituent of many essential oils, and was relatively abundant in P. ginseng essential oil. It occurred only in small amounts in O. horridus and A. trifoliatus, however. α-Copaene was found only in small amounts in these other Araliaceae essential oils.
Aromadendrane sesquiterpenoids (aromadendrene, alloaromadendrene, spathulenol, and globulol) make up only a small amount of the leaf oil composition of D. gonatopodus. Aromadendranes have also been found in P. ginseng [2, 6] , O. horridus [3] , A. trifoliatus [4] , D. arboreus, and O. xalapensis [5] , albeit in only minor amounts. A perusal of the literature reveals that aromadendrane sesquiterpenoids are found in many plant families including, especially the Myrtaceae [7] . The distribution of these tricyclic compounds and their relative concentrations prompted a computational investigation of the thermodynamic properties of aromadendrane sesquiterpenoids. Ab initio density functional theory calculations were carried out using the hybrid B3LYP functional [8] and the 6-31G* basis set [9] . In addition, singlepoint post-Hartree-Fock energies were determined at the MP2/6-31G** level of theory [10] . The thermodynamic properties of the aromadendrane sesquiterpenoids are summarized in Table 2 .
Setzer
Analysis of the compositions of the essential oils reveals that, of the aromadendrane sesquiterpene hydrocarbons, the overall more abundant are aromadendrene and alloaromadendrene (around 59% and 21% of the total aromadendrane hydrocarbons, respectively) followed by viridiflorene (15%). α-Gurjunene is relatively small (5%) and isoledene is only rarely observed (< 1%). α-Gurjunene is never abundant, but it did occur in as much as 6.7% in Although isoledene is generally not observed in essential oils, it has been found in commercial Labdanum oil [13] and Japanese cedar wood oil [12] . The distribution of the aromadendrane sesquiterpenes completely belies their relative energies. Isoledene is the lowest-energy aromadendrane sesquiterpene, followed by α-gurjunene (2.5-3.0 kcal/mol higher), then viridiflorene (ca. 6 kcal/mol higher), and then aromadendrene and alloaromadendrene (ca. 10 and 13 kcal/mol higher, respectively). The relative energies of the aromadendrane hydrocarbons are consistent with the experimental observations that aromadendrene rearranges to viridiflorene in 80% yield upon treatment with potassium t-butoxide and rearranges to isoledene in 96% yield upon treatment with potassium and alumina [14] . The calculated energy differences between viridiflorene and aromadendrene in this current study (B3LYP, 4.61 kcal/mol; MP2, 4.08 kcal/mol) are slightly smaller than those reported previously using either molecular mechanics (MMX, 8.3 kcal/mol) or semi-empirical (PM3, 6.9 kcal/mol) methods [15] .
Similar trends are observed in the aromadendrane alcohols. Epiglobulol has the lowest calculated energy, followed by globulol (2 kcal higher), palustrol (3 kcal/mol), ledol (5 kcal/mol) and viridiflorol (8 kcal/mol). The aromadendrane sesquiterpenoids are generally higher in energy than bicyclic sesquiterpenoids such as cadinanes and selinanes [17] , but lower in energy than monocyclic sesquiterpenoids, such as germacranes or elemanes [18] .
Of course, the concentrations of these secondary metabolites in plants are not governed by relative enthalpies alone. Environmental pressures, such as pathogens and herbivory [19] , have selected for both constitutive [20] and induced [21] defensive chemicals. Indeed, some of these aromadendrane sesquiterpenoids have exhibited biological activity. Thus, for example, globulol has shown antifungal [22] and enzyme (human UDP-glucuronosyltransferase) inhibitory [23] activity; epiglobulol was antibacterial [24] and inhibited UDP-glucuronosyltransferase [23] ; viridiflorol has exhibited antibacterial [25], antifungal [26] , acetylcholinesterase inhibitory [27] , and GABA-benzodiazepine receptor binding [28] activity; ledol proved to be cytotoxic [29] as well as antifungal [30] ; and spathulenol showed antibacterial [31] and cytotoxic [29, 32] activity. GC-MS analysis: D. gonatopodus leaf oil was subjected to gas chromatographic-mass spectral analysis using an Agilent 6890 GC with Agilent 5973 mass selective detector, fused silica capillary column (HP-5ms, 30 m x 0.25 mm), helium carrier gas, 1.0 mL/min flow rate; inj temp 200°C, oven temp prog: 40°C initial temperature, hold for 10 min; increased at 3°/min to 200°C; increased 2°/min to 220°C, and interface temp 280°C; EIMS, electron energy, 70 eV. The sample was dissolved in CHCl 3 to give a 1% w/v solution; 1-μL injections using a splitless injection technique were used.
Identification of oil components was achieved based on their retention indices (determined with reference to a homologous series of normal alkanes), and by comparison of their mass spectral fragmentation patterns with those reported in the literature [33] 
Computational studies:
All calculations were carried out using SPARTAN '06 for Windows [34] . The hybrid B3LYP functional [8] and the 6-31G* basis set [9] were used for the optimization of all stationary points in the gas phase. Single-point Hartree-Fock ab initio energies were calculated using the DFT geometries (above) at the 6-31G** [9] level, followed by a correlation energy calculation using the second-order Møller-Plesset model (MP2) [9] . Frequency calculations were used to characterize stationary points as minima. All enthalpies reported are zero-point (ZPE) corrected with unscaled frequencies, but with no thermal corrections; they are, therefore, H (0K) . Entropies were calculated using the linear harmonic oscillator approximation.
